The genus Croton L. (Euphorbiaceae) constitutes one of the largest genera of flowering plants with near to 1300 species of herbs, shrubs and trees. These species are of ecological importance since they are elements of the secondary vegetation in tropical and subtropical regions of the world [1] . In Madagascar, the genus Croton is well represented with around two hundred species, many of which are endemic to the island [2, 3] .
Although the essential oil (EO) composition of various Croton species growing wild in Central Africa [4] , Central [5] [6] and South America [7] [8] [9] [10] [11] as well as in islands (Guadeloupe, Sao Tome and Principe) has been investigated, only one paper concerned Croton species growing wild in Madagascar [12] . Four species were investigated: i) Leaf and stem oil from C. antanosiensis Leandri (section Monguia) was dominated by -pinene (32.8%), -pinene (16.4%), limonene (6.1%) and (E)-nerolidol (5.6%); ii) Major components of leaf and stem oil from C. geayi Leandri (section Argyrocroton) were 1,8-cineole (15.7%), (E)--caryophyllene (14.8%), -terpineol (14.1%) and -muurolol (6.6%); iii) Leaf oil from C. decaryi Leandri (section Anisophyllum) contained mostly (E)--caryophyllene (26.7%), -pinene (21.2%) and -humulene (19.0%), while the chemical composition of stem oil was dominated by-pinene (26.1%), borneol (13.3%), camphene (11.5%) and (E)--caryophyllene (8.6%); iv) C. sakamaliensis Leandri leaf oil contained also (E)--caryophyllene (28.3%) accompanied by its oxide (12.5%), while stem oil exhibited 1,8-cineole (37.9%) and -phellandrene (14.7%) as major components.
To the best of our knowledge, no phytochemical studies have been undertaken on C. kimosorum Leandri, known as Zanapoly, which belongs, along with C. boinensis, to the section Boinensis. C. kimosorum is a shrub 100-120 cm in height that grows on sub-arid land. Leaves are small (limb, 1-2 cm; petiole, 3-4 mm); 5-9 floral buds by inflorescence [13] . In Madagascar, leaf infusion of C. kimosorum is an important medicine against coughs and is used as an antispasmodic [14] .
In continuation of our work on the characterization of aromatic and medicinal plants from Madagascar, through chemical composition of their essential oils [15a-e] , the aim of the present work was to investigate the chemical composition of C. kimosorum oils. Three oil samples were isolated, using a Clevenger-type apparatus, from aerial parts, leaves and stems of C. kimosorum collected in Andatabo-Toliara, South-West Madagascar. Yields, calculated on a fresh mass basis (w/w), were 0.64% (aerial part), 0.61% (leaves) and 0.45% (stems). Detailed analytical results, obtained by a combination of chromatographic, spectroscopic and mass spectrometric techniques, are first presented of an oil sample from the aerial parts (Table 1) . Then, the composition of leaf and stem oils are compared, as well as that of a bulk oil sample obtained from aerial parts using a semi-industrial still.
The essential oil (from aerial parts) was analyzed by GC in combination with retention indices GC (RI), GC-MS and 13 C NMR, following a computerized method developed in our laboratory [16a,b] . Various major components have been identified by the three techniques and other minor components identified (or suggested) by GC (RI) and GC-MS. However, several minor components remained unidentified or their unambiguous identification required confirmation by NMR spectroscopy. Therefore, the EO was fractionated by silica gel column chromatography (CC) and the three fractions analyzed by GC (RI), GC-MS and 13 C NMR (see experimental).
In total, the identified components represented 97.7% of the whole composition (Table 1) , which was dominated by monoterpenes (78.7%), and among these, the oxygenated monoterpenes NPC Natural Product Communications 2014 Vol. 9 No. 1 129 -132 Analysis of the EO and CC fractions by 13 C NMR spectroscopy ensured the identification of sesquiterpene hydrocarbons and oxygenated sesquiterpenes. It was also useful for identification of stereoisomers which possess almost superimposable mass spectra and very close retention indices on both capillary columns (cis-and trans-linalool oxide, THF form, for instance). This point is perfectly illustrated by the differentiation of the diastereoisomeric -bisabolol (74) and epi--bisabolol (75). It should be mentioned that epi--bisabolol is identified for the first time in an oil sample of the Croton genus.
The composition of the essential oil isolated from leaves and stems of Croton kimosorum was also investigated. Aerial parts were separated into leaves and stems, which were separately hydrodistilled. Both oil samples were analyzed by GC (RI) and by 13 C NMR spectroscopy (Table 2) . Qualitatively, leaves and stems produced similar essential oils that differed, however, quantitatively. Indeed, the content of hydrocarbons, sabinene, -pinene, (E)--caryophyllene and germacrene-D, as well as that of 1,8-cineole, was higher in leaf oil than in stem oil. In contrast, alcohols, such as linalool, terpinen-4-ol, -cadinol and -epi-bisabolol, were more abundant in stem oil than in leaf oil. 
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Vapor distillation of aerial parts of C. kimosorum was performed with a semi-industrial still. The essential oil, obtained with a yield of 0.50%, exhibited a chemical composition similar of that obtained on the laboratory scale ( Table 2 ). The content of linalool, the major component of the oil, is particularly stable (21.0% vs. 21.7%), as well as those of -pinene and terpinen-4-ol. Various slight differences could be noted: the essential oil obtained from the semiindustrial still was richer in 1,8-cineole (11.7% vs. 6.3%) and pcymene (8.5% vs. 3.7%). In contrast, it contained less sesquiterpenes: (E)--caryophyllene (1.3% vs. 5.9%), germacrene-D (0.1% vs. 2.3%), and epi--bisabolol (0.2% vs. 1.4%).
The chemical composition of C. kimosorum varied substantially from those of Croton species growing wild in Madagascar. None of the four investigated oils contained linalool as major component [11] . However, linalool has been reported as the major component of the EO of various Croton species: trunk bark oil from Gabonese C. oligandrum (53.5%) [17] ; EO of Amazonian C. cajucara (28.6%) [18] ; bark oil from C. aubrevillei (34.6%, République Centrafricaine) [19] ; flower head oil from Brazilian C. lanjouwensis (26.7%) [20] ; trunk bark oil from Cameroonian C. zambezicus (33.8%) [21] ; bark oil from C. stellulifer, an endemic species of Sao Tomé e Principe Islands (12.6%) [22] and bark oil from C monteverdensis from Costa Rica (8.3%) [5] . Concerning minor components, elemicine, (E)-iso-elemicine and thymyl methyl oxide have been identified in EO from Venezuelan C. cuneatus and C. malambo [9] and from Brazilian C. urucurana [23] . Cembrene A has been recorded for the leaf oil from Madagascan C. sakamaliensis [12] .
Experimental
Plant material: Aerial parts of Croton kimosorum were collected before the flowering stage in Andatabo-Toliara, South-West Madagascar, in January 2011. The plant was authenticated by Rakotonirina Benja and a voucher specimen was deposited at IMRA.
Isolation of essential oils:
Aerial parts on the one hand, leaves and stems on the other of Croton kimosorum were subjected independently to hydrodistillation for 3 h using a Clevenger-type apparatus: Aerial parts (953 g; EO, 6.10 g), leaves (200 g; EO, 1.22 g), stems (560 g; EO, 2.52 g). The second oil sample from aerial parts (300 kg) was obtained using a craftsman-made still (pilot plant, 1500 L, vapor distillation; EO, 1.5 kg).
Fractionation of the essential oil:
An aliquot (1.00 g) of oil obtained from aerial parts was fractionated by CC (silica gel, 63-200μm, 35g) and 4 fractions were eluted with a gradient of solvents n-pentane, n-pentane/diethyl ether from 100/0 to 0/100.
GC(FID) analysis: GC analyses were performed on a Perkin-Elmer
Clarus 500 (FID) equipped with two fused silica capillary columns (50 m x 0.22 mm x 0.25 μm film thickness), BP-1 (polydimethyl siloxane) and BP-20 (polyethylene glycol). The oven temperature program was: 60-220°C at a rate of 2°C/min and then held isothermal at 220°C for 20 min. Helium was the carrier gas at a 1.0 mL.min -1 flow rate. The injector and detector temperature was 250°C. Samples were injected with a 1:60 split ratio. The relative amounts of individual components were expressed as percentages, obtained by peak area normalization, without response factor correction.
GC-MS analysis: GC-MS was performed on a Perkin-Elmer
TurboMass detector, directly coupled to a Perkin-Elmer Autosystem Numbering of components as in Table 1 . a P = pentane, E = Diethyl ether XL, equipped with a fused-silica capillary column (60 m x 0.22 mm x 0.25 μm film thickness) of Rtx-1 (polydimethylsiloxane). Helium was the carrier gas at a flow of 1.0 mL.min -1 ; 1:80 split ratio; 0.2 μL injection volume. The oven temperature was programmed rising from 60° to 230° at 2°C/ min and then held isothermal for 45 min. MS were taken at 70 eV and fragments from 35-350 Da.
C NMR analysis:
Analysis was performed on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100.623 MHz for 13 C, equipped with a 5 mm probe, in CDCl3, with all shifts referred to internal TMS. 13 C NMR spectra were recorded with the following parameters: pulse width (PW), 4 μs (flip angle 45°); acquisition time, 2.73 s for 128 K data table with a spectral width (SW) of 22000 Hz (220 ppm). The number of accumulated scans was 3000 (50 mg of oil or fraction from CC in 0.5 mL of CDCl3).
Component identification:
Identification of the individual components was based: (i) on comparison of their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of a C7-C26 n-alkane series with linear interpolation, with those of authentic compounds; (ii) on computer search using digital libraries of mass spectral data [24a, b] and comparison with published data [25a, b] and (b) by comparison of the signals in the 13 C NMR spectra of essential oils and all the fractions of chromatography with those of reference spectra compiled in the laboratory spectral library, with the help of laboratory-made software [16] . Individual components were identified by 13 C NMR spectroscopy at contents as low as 0.4%.
